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REQUISITE ENERGY TOLERANCE AT INJECTION 
A summary i s  g iven  of t h e  t h e o r e t i c a l  b a s i s  f o r  e s t ima t -  
ing t h e  energy homogeneity d e s i r a b l e  i n  t h e  beam i n j e c t e d  i n t o  
an A.G. synchrotron.  Some numerical  examples a r e  g iven  f o r  proton 
A,G.  synchro t rons  of 50  Mev i n j e c t i o n  energy.  
Mot ivat ion:  
- 
A.; mentioned i n  p rev ious  m t e s  l ~ a ~ - ~ u n e ,  1 9 5 g  , t h e  ques t ion  
ha? been r a i s e d  concerning t h e  r e q u i s i t e  energy t o l e r a n c e s  a t  i n -  
j e c t i o n  and concernins  t h e  e s t i m a t e s  of t h i s  a u a n t i t y  r e p u t e d l y  made 
a t  t h e  Brookhaven ~ a t i o n a l  Laboratory .  
Method of Approach: 
The approach may be cons idered  t o  be s i m i l a r  i n  p r i n c i p l e  t o  
- tha t  of K .  Joh en LCERN pro ton-synchro t ron  l e c t u r e s ,  S e c t .  111-3 
( o c t o b e r ,  1 9 5 3 8  , a s  r e p o r t e d  e a r l i e r  G r e v i o u s  no t e s  and LJL 
(MAC-3) f ~ e b r u a r ~ ,  195427 I n  t h i s  approach t h e  requirement  
cons idered  i s  t h a t  t h e  i n i t i a l  momentum sp read  s h a l l  be no g r e a t e r  
t han  t h a t  a ccep t ab l e  i n t o  synchro t ron  phase  o s c i l l a t i o n s ,  bu t ,  i n  
ihe  i n t e r e s t s  of e f f i c i e n t  c a p t u r e ,  a  more c o n s e r v a t i v e  s p e c i f i c a t i o n  
may be imposed. Only i n j e c t i o n  f o r  a  s i n g l e  t u r n  o r  l e s s  i s  cons idered .  
f i  Der iva t ion  of Formulas: 
The equa t ion  of phase  o s c i l l a t i o n s  i n  t h e  s t e a d y  s t a t e ,  w i th  4 
r e p r e s e n t i n g  t h e  e l e c t r i c a l  phase  a n g l e ,  may be  w r i t t e n  [cf .LJL(MAC)-3, 
and  r e f e r e n c e s  t h e r e i n  : 
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For  e f f i c i e n t  c a p t u r e ,  however, we may w r i t e  
where E i s  a  numerical  f a c t o r  which might be t aken  t o  be about 0.3 [ -ee F i g .  1 ) .  
The a s s o c i a t e d  momentum v a r i a t i o n  i s  
- .  
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Vo, i s  e s t ima ted  by 
. 
( i )  a  machine 
::iiniiar t o  t h a t  planned by t h e  CERN group ( i i y  a  machine of t h e  type  
be l i eved  under des ign  a t  Brookhaven, and (iii) a  s i m i l a r  machine w i th  
c h a r a c t e r i s t i c s  d i s cus sed  i n  t h e  mid-west group,  The v a l u e s  l i s t e d  
f o r  t h e  CERN mach.ine a r e  based on what appears  t o  be Johnsen9s  
assamption of f  = 1 and / y /  t i; t h e  v a l u e  of e f o r  t h e  CERN 
machine i s  e s t ima ted  from t h e  quoted B = 1 2  ki l .ogauss /sec  and l e a d s  
t o  r e s u l t s  s i m i l a r  t o  t h o s e  s t a t e d  by Johnsen i n  t h e  absence of 
f requency  e r r o r .  The v a l u e  t aken  f o r e l / o / % ~  i n  t h e  BNL c a s e  i s  
ob t a ined  from t h e  formula of t h e  p reced ing  s e c t i o n  a s  
8539 x l . 5 ~ ~ 5 ~ ' ~ ~  = 21.9 # / d 3  e./-d;zro, 
3 & / d 8 x f  ~ 0 . 5  
f o r  d,:  , al though t h i s  v a l u e  seems somewhat l e s s  t han  t h a t  
:;ugge.sted by t h e  Brookhaven ADD minutes  No. 62  (May 12 ,  1954) .  50 
P 
Mev i n j e c t i o n  i s  assumed i n  each ca se .  
Summary: 
It appears  from t h e  fo regoing  t a b l e  t h a t ,  f o r  many of t h e  des igns  
p r e s e n t l y  under c o n s i d e r a t i o n ,  i t  would be adequate  t o  i n j e c t  from 
a  LINAC 50 Mev p ro tons  whose energy sp read  was d e f i n i t e l y  w i t h i n  2 0.3 
percen t .  Energy s t a b i l i t y ,  from p u l s e  t o  p u l s e ,  i s  a l s o  h i g h l y  
d e s i r a b l e .  This  t o l e r a n c e  may be compared w i t h  t h a t  expected f o r  t h e  
Minneqota des ign ,  a s  r e p o r t e d  by L .  H ,  3 o h n s t o n L ~ u l l .  APS, 1954 
meeting i n  Washington, D.C,, paper  CY , namely E K ~ ~  = 5 0 3  0 .2  Mev 
o r  A E/EKin = f 0.4 p e r c e n t .  
- 
The Brookhaven group have sugges ted  p r i v a t e l y  t h e  o b j e c t i v e  of 
k 0 .1  p e r c e n t ,  a l though t h e  ADD minutes  No, 57  (March 16 ,  1954) 
sagge:;t t h e  requirement of'1/2 p e r c e n t  i n  energy. It i s  be l i eved  
t h a t f  1/3 pe rcen t  i n  energy r e p r e s e n t s  t h e  p r e s e n t  t h i n k i n g  of t h e  
oup. A t t e n t i o n  must a l s o  be g iven  t o  t h e  "emi t tance"  of t h e  beam, 
dnd t h e  d e s i r a b i l i t y  of a  beam of 1 mi l l i ampere  from t h e  i n j e c t o r  
i,ds been suggested.  
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Fig. 1. P l o t  of r e g i o n  f o r  a c c e p t a n c e  i n t o  p h a s e  o s c i l l a t i o n s .  
